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imm%] mmm 

m^m i ] zmm v t=.ttMm(D&mittk&-tz> z t iz * »; m e> n 

x*;i/^-#l 6 k e V£*±3 0 k e VJKTT?*5J*fc*«*£#*$a»© 

iMffif-^fS^f^y^ (a) fc, 
ir&ztiz&V* fiffir-^WS^fy^ (b) 
5Xf>y^ (c) 

x*/l/3*-# 1 6 k e VJ^_h3 0 k e VgTt'«)§M©^$:^tSMII 

-ts^fctcfcy, tffif-^W^xf^ (b) i:, 
5Xf>y^ (c) i:, 

[»#^3] aw«:3«iaLfcft#iii©»«s:am , r«3fcK:j:y#&ti 
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x*;i/=?-# 1 6 k e V^±3 0 k e V^TT'l>SM^5^$:ttSai5[© 
x*/l/^-#l 6 k e VJ^±3 0 k e V&TT?&Sftr£©&;K&^£j&i*iW 

£ itfrta^ m#m £ © fig <dwm + z> r=. m iz m v > % n s wm^®. t , 

t&ffi3fe«&1RWU X#;t,^-# 1 6 k e VJgLfc3 0 k e V#TT*&SM&S 
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s#JH (c) t. 

mzytrnZMfflL. l 6 k e V£*i:3 0 k e VgTt*«)5^0 

m^^m^L^mMm^m^m^^mizis^x^ir^ztiz^^n^ 
tifcmm<z>ftift7-zizm-3^T. ^(D^^^^Ty&^&z^m (t>> 
&m<D575i/Tyizm^7^i/Tymnzm?z£K&*)&ft7-#z&® 

£#MS (c) 

* c p vizmn^^^m^mmm^u ^ a g 

[0 0 0 1] 

*3zw&. mmmmmiz^ vm^&tc.mmmmzm^Tmm*m&-t z>t~®> 
izm^^n^mmmmmifmA^mMmmmmm. m.mz, mmMmm^u^ 
2*izm~?z> 0 *miz&^x. ttttrntit. xm, am. em, ymizmx. 

[0 0 0 2] 
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7- a /v. © mm iz % sfio % <d t* & z> 0 

[0 0 0 3 ] 

[0 0 0 4] 
[0 0 0 5] 

^xhmtfmzzznr^z* ®m^>b^xhmz. x^t>m?$foitmi&?z> 

[0 0 0 6] 
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omittmwt-yit. xmzumzi*zx?v-y£m^fat<D®.M^xm<z> 

^$:0*f-r^r^{Ci: y, U-><D#ftSfCfc^T£C£Xj||tf)&*B^£:£ 
[0 0 0 7] 

[0 0 0 8] 

&C&<^Tl£, ^^M ; g7t:©S*^;"eS>'5>T I E (transport of intensity equatio 
n) jWav*e>*lTV*S. ZirT% r 

K ^7 = ' Vi ' {I(r)Vl * (r)1 



[0 0 0 9] 
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tc isuttsxiii, m<D&wfriD&mi,. ^noi^iu 
mi o i ^e>sBHz tdnmnt-x? u -> i o zizam-t^o zzlt% **u- 

>10 2±©fifi (x, y) iZ&tf ZXmo&m* I (x, y),&*B£tf> (x 
, y) 30^^, &&I (x, y) hteffl* (x, y) fcCDWKltt, & 

9 - - V » a(x t y) V » (x,y)} •••(2) 



5S; (2) IC33V'v"'Ck: = 27c/A,£;J3cI, (x, y ) J&frfcK* Mb r lC#£&;t 
5£ (1) fc^tT I EtfSMMlS. 
[0 0 10] 

LfrLfc#e>, r®i^j:TIE$:i<rt(j:B|T'fe§fe«i, TIES, £ 
KiSiKLTMv^ftT^fc. TI2©##fF£i&2lC&, ^XllflCj:ot#?> 

V*&„ ^(D^^lCfeVATtt, 55 (1) JC^T I E «(D^(Cj£|tbtV^. 
**f, 5$ (1) 5rJH^t^> 0 fcfc, ^TJCfeVxT, ±&X1RK&V}&'<9 Vfrr 
it (x, y) j£3HC#ggM.e>*l , r^S. 
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-h) • (**> ^) 

_ Kxy) f ^ 2 ^ >Cx t y) , a a <f>6c,y) \ 3l(x,y) g <Mx,y) 

, d I(x,y) g cfr (x,y) 
<?y <?y 

= I(x,y)V^(x.y)+VI(x I y)-V(i > (x > y) •••(3) 
[0 0 1 1 ] 

5£ (3) ©;&j2SM«S: if messes*;, (4) ic^l-jS^^^ti 

_g^ s _J^yl v2<f)(xy) .. f(4) 

^ (4) fC£VxT&, «RKS3Kj£«®ff&{Cj:»;, I (x, y) fr?>4> (x, y 
) 

[0 0 12] 

» m & (d sg is t£ v m n fe tfc s s w -5 x ik © &g n <d m m k & i l t v * 
So xfiHfe&ff^i&tctt, mi 3 tzmirj:$kmtftifimfe2tiT^&, hp*>, @ 
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ttioo zmmb. mfomi o 1 fr%mmRizttMti&&mcmnztiT^zx 

?V-yi 0 2izAM?2>. 
[0 0 13] 

dCD^lC, r_L = (x, y) ttSi, i^^tt^ 1 0 0 SriligLfc 

BtCDXlfflSlgl (r_L, 0, A Q ) &Z$&1®<t> (r±, 0, A Q ) «U 

m r*x* u-> i o 2iz.&^Ttftft2tif=.xmmuTyt(D&mi (r_u r, i m ) 

ilCDKtC^, IkO&oftM&tff&ViL^o fc£U (5) &CfcV^, I (r 

±, 0, =exp {-M (r±, 0, X q) } 

[15:5] 

/ M(rx,0,Ao) \ /go\ 

A -V 2 <f>(rx,0,Ao) = g, "-(S) 
\ VM-V(f)(rx,0,Ao) J \s-2 J 

I "I 7o Tn \ 

ddT, A= -a, 3 0,r. a. 4 A, T&£ 0 

IHtlX,. a m = , Tm = , g m = ln{I(rx,R, A m )} (m=0,l,2) 

[0 0 14] 

5£ (5) IC^T, VM-V* (r_L, R, A m ) #?53vJn£ V^ h £ iZit. & 
© J: e> ICjfiteCr § ^ £ #T*£ § o 
[ifc6] 

f -1 ro W M(rx.O,A„) \ /g« \ 
1^-a, 3 a.r.J ^ -V*<n.O.A0 J = V gl 7 " 

[0 0 15] 

££>{C, 5$ (6) 0 0 &38SfiLfcitt«©X»<B3ftg;RtffltfBW: 
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HR7] 

M(rx ,0, A o) - (go- a " 2 g,) -(7) 
-V 2 (J)(rx,0.A„) = -^Y(agn-a- 2 g 1 ) --M 

5£ (8) {C&tt£&*Btf)^^>y>V 2 tf> (r_L, R, A Q ) fCO^T^^ 
^t/T>?tm?:^^3hlC<fcy, &*B* (r_L, R, A Q ) ^Slt^T't 

. 3keV), A x = 7. 3A (Epl. 7 k e V) X 2 = 2 . 5A(E 2 = 
5. OkeV) 0 3»il (x*;i/=?-) &^SX»3:Mv*TXi|§aHfe<S: 

[0 0 16] 
[0 0 17] 

[#MMWdR l ] 

*-)W> (B. E. Allman) * r«tX«&?MffljmffiaMRj£ (No 
ninterf erometric quantitative phase imaging with soft x rays) j JKffl^^ 
i&^fSA (J. Optical Society of America A) , Vol. 17, No. 10 (October 20 
00), p. 1732-1743 

VVA^y (T. E. Gureyev) * rg X ^Il^#f 
(Hard X-ray quantitative non-interf erometric phase-contrast imaging) j 
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3fe^SCSj0Bfc*rcStS£ (SPIE) Vol. 3659 (1999), p. 356-364 

imrnxm 3 ] 

^HI7 (T. E. Gureyev) * r#fi X ^;i/^- X*gftft£|3ig£f 
(Quantitative In-Line Phase-Contrast Imaging with Multiener 
gy X Rays) j #>3l^fg£§£ (Physical Review Letter) Vol. 86, No. 25 (200 
1), p. 5827-5830 
[0 0 18] 

<fc »; , GLttamfemmzmto sia^ts & s d t z s 

[0 0 19] 

*;i/¥-# 1 6 k e VJ^_t3 0 k e VJ^TT*&£M& £M«£^£^m<Z>$tfif 

£tt:r-#£#<5*:ry ^ (a) ^©Ifcft^-^cS^T, 
bfcJfc#»©ffiffifll«S:*3t , <**ifcK:J:y, fifflf-*W6^fy^ (b 
) (b) lC^T#fc&*lfc^B^-*JCS^THIR^--* 

«n^f*;^ (c) tz^m-tZo 

[0 0 2 0] 

nMm<D&ttmmz&ttz&%mMm*mT*2b^T, x*;t,=?-#i ekev 
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jw±3 oke vMT-e2b&ffifeG>m&*mir&$mm*m\ l \ m^m^omm 
^a<fc**«cDttmffijcev%T, tt9tt&aaufe&4*iii©&ff&4ftffiu 

(a) fc, ««©tfcffl-r-*K:£^T, L£;6fcMI£©ft«'ff #B£ 

«7G-rsri:lCj:*J, fiffif-*«:*«)5Xff^ (b) 

5^f^ (c) fc&JMjS**. 
[0 0 2 1] 

&Mm<D&mmmz'&K-t2>ttttMMmmmx-$>^T. x*;i^-#i ekev 

J^_t3 Oke VJKTTf****S«fi&*'t*«»©fi[ftf»€:»fe't«3fc«i:, 

&»*s *i»^#«raa u feaitiKoDaiissrttm-r s r t iz £ y , mmm 

[0 0 2 2] 

j^±3 o k e vMTv&zffifeom&zmvzMMmzmzi-tzybmii. 

& s n« w & aa u © s « ffi *r s ^ t jc j: y , tti* j^b^'W 

Lfcmstmn&mmmz&rt't&z.t.izzvGLm?-***^ -en 
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[0 0 2 3] 

7AT^ot, 3tI&Hllb, 6 ke VJ^±3 0 ke VJ^T^fe 

H^r, &*B©^>^ isyy s#Pi (b) faffing 7 ^t/yyizm 

^^^i/Tymw.zmtz.tiz&v&mT-zzmtb&^m (c) t&cpuc 

[0 0 2 4] 

^At'feot, %m^mmh, x^;^-^16keVg±3 0keVgK' 
}cSc^T> mB©^>^>7>S:^#>£#JiS (b) &*B©^:^>7>K: 

izmnz-tz, 

[0 0 2 5] 
[0 0 2 6] 



1 2 
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[0 0 2 7] 

?n*-# l 2 i:, 3 ££;£LTvn5o Ml l tt, i/ytuhuyft 

MftZmmL, =e;?n*-*i 2X1fottftfrb<DXM<Dffi%.<DWt&i&$'KttZ 

T, XH$:|§^-rSi/>^D hn>Sfeif^$:MVNTVN^ 0 >> > * 0 h D y1&M% 

tit. mm^xm^^^mm^r^^mmmm^^vir^ztLiz^^x^'t 
mmzmn-tzz.£K&v. ft£.?z>xmv>mMzmn?z>z)itfx%z> 0 ytm 
butce^t, &^#u o t^y^i 3 h<Dm&*. wmmmt 

A 0 &t>* 2 x © 2 Xifcg £3g£ $ it X £ . 

[0 0 2 8] 

1 3 (4, X^§:AIJ2i±Tm#TH££D3-£<5fc#>0)^.# V — y HLX 
fflv>e>*i, 3©#ffiillCA»Ufeia«f3t©3aSS:*"t«lffl^S:ffi* , r 
3„ 3tbtlt Mill CCD (coupled charge device) ^©J:? 

ic, A#bfeX»©»ft&«ft«*t3g«ll/Tffi*^**3R©*fflJR^**'r« 
2 & 5t; -fe > It # ffl v ^ *i 5 o 
[0 0 2 9] 

liSlIt fffiSUh, 5 fc&^LTVx*. JtffM 



ffi|iE#2 003-3027750 



#2 002-285252 



14tt, t>*l 3*»&ffl*S*lfe*|iJff S:«it*. A/DM15H 
[0 0 3 0] 

z-mmzmm?zmm®2 1 »«bejk 2 na©x* 

{C s fcoT#e>^^fe2o©^ffif I -^^C«^V^Tfi:^S©^^^^'T>^C^g^t•'2»^I 

#&£j&1-£M##t ! 3M2 4h, _tfEtf>#0S2 1-2 4&tfflH*8P 1 tCfcttSX 

6&T*#f£bT%&V>U V7h^irilCPUT'MlT%lK *©*-£fCtt 
, CPUSr^tf«I»iS2 5#, E»«C#2 6JCflB»a*lfeJfc»li»«^n^9A 
tcS^VNT^ffiT 1 -^ Sr^a-t-So 3B&&ft2 6 ilLTtt, 7 V* */7")ItJ X 
/N-Kt 5 ***, MO, MT, RAM, CD-ROM, XttDVD-ROM 

[0 0 3 1 ] 
[0 0 3 2] 

&Z%tZ>Z\tftZ> 0 0©J|£#£d, JS#r^£n = 1 - 8 - i 0 (i 

T'Sti^iitSh, t^io©littoxn^ ODT n «^ 



ffiSE#2 003-3027750 



#2002—285252 



ma] 

*our = *i N e- ,k,,d = tise+V*-'" -..(9) 
[0 0 3 3] 

[19] 

lour - I <fw= I 2 = I </> in 1 2 e- 2k ' ,u = I IN e- ;!k '" 1 -..(10) 

mio] 

T--^ = e 2kBd .-.(11) 
[0 0 3 4] 

I*5:d = 5cmtlTV^5o 0 4 fC^f «fc o IC, x*;i/3?-jW£v\«i?, 

E = 3. 3keV, 1. 7keV, 5. OkeV) fli, Oj?*l:f tS 

&3*<fr$:M&-t2>mzittmT*&^t=. 0 ifif^ig^T*x^;i/^-^§:^< 
f ££#)(C&1 0%@|t©3aiS^si:*s 2 2 k e vmg<z>Xj&gx*;i/¥-#M£ 
bv*#, #^#1 0tCJ:SX«ti»iR4 -fe 1 3 tcXH&SH 

*t£-fr££#>{Cte, 4>&< 1 %JK±©38Jas|8^*« 1 6 k e VJ^_t<DX^x 

[0 0 3 5] 
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2>Xm<D&^itlZ, 5£ (8) 0e" ik(1 "5 )d i:lTi$ni.. lit', M^ft 
(8=0) ©#^{Cfe^§X^©^^be~ ikd $:«^iCt-^i:> fa^fa 

TV%6 k 8 dTf&S. 
[0 0 3 6] 

[0 0 3 7] 

mi i] 

1 dl ~ d 2 dd 



I dx 2 



•(12) 



[0 0 3 8] 

(| (1/1) X O 1/3 z) 1^10 " 2 ) £i2tt> 3 d<z>m 

tfmffitfjiz ¥nt£ vmt Lt~(Dfr &c#c#-r & Mr* & *j , tiisKiiiutu 10 

#m (=10" 5 m) O^i: 1 0" 6 9^T>^g©&*B^tt©|£ffitfMi; LV^ 
Lfc^ot, S(12) 3 K:3S3ft5 0 

[i!ti 2] 



d'dd - 10^d <5 



dx 2 (10-*)' 



•(13) 



1 6 
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[0 0 3 9] 

*fe. «(12) (D&mz- (l/I) X O 1/3 z) ^ 1 0~ 2 £ftAbT 

m 1 3 ] 

lO^^-dd •••(14) 
dfi^lO^ •••(15) 
[0 0 4 0] 

Htf, 0 5 £#flg1-££, d 8 ^ 1 0~ 6 £&Z>(DIZ, xm^*J\y3?-t>K fc<fc 
f30ke VJ^T<Z>#-£T*&£ 0 J^±i U, 1 6 k e VJ^_t3 0 k e VJ^T^x 

[0 0 4 1 ] 

IC W-fg|feffi«|-e, M^^M*^ 0 &t>^ 1 ©x^&MVNT^$ti^2^©Iil 

tits. MU 0 x&;i 1 <E>x;sg£&, MUoX&^fc^M^-rs 

T%&^ B <BU i^^oXS^^XlCi^^^-CDtfiW 1 6 k e VJK± 
3 0 k e VJ^T©^fr£?i§§fct- Z££-tZ> e 
[0 0 4 2] 

t-f, ^f'yysiOtcfe^T, XISJBtt&fT^. BP "5, HI 3 tcj^-T <fc e> tc, 
fg^St^RiU&SffiStC-fe^i^l 3 &HKU i^frl 0 tCi&gA 0 <Z)X$S£ 
HBW**£4:K:j:yx||it*&fT'5- #Clc, M^ttl OC»*;i 1 <Z>Xil«:J«M' 

[0 0 4 3] 
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TsT-vzfS 1 OlZ&tfZXffiMmiZl: y, ^ffi-r-* I (rX, R, X Q ) , 
I (rl, R, X x ) Blftfll^SP2tCjlK^A*StlS 0 ZLZ1T% ^ffi^-* 
I (rX, R, A Q ) ft, jS^gEiiR®i:tf)&grX = (x, y) {CfcttSSkB 
^o^E^OSfiSSr^-r. H»IC, ^ffi-r-*-* I (rX, R, a. x ) tt, Jt#SE 
|Rffi±fflfefirl= (x, y) ICfe^SM^XjODtll^^^Sr^-r. £*l 

[0 0 4 4] 

*tv?S 1 IMS 1 2\Z&^T. H#filJ^gP2tt > fH'HBIS2 UCfB 
'ISStlTVN^^ffiT 1 -^ I (rl, R, A Q ) Ml (rX, R, A, ^) ICStJV^ 
T, «^&38iftLfeittfe©X|8G)ftffi# (rX, 0, A Q ) St^tc^S. 

1 1 iCfeVAT, ^^^i/T>^.aSP2 2tt, IB«SIS2 1 ICIB 
ItStlTV^&ffi^-tfJClS^T, 7*3; (16) fc^Tffcm* ( r X, 0, 
A Q ) <D575*/Ty f (r±, 0, Jl 0 ) =V 2 0 (rX, 0, X Q ) £:£#)£o 
[^1 4] 

f (rx ,0 , A „) = V *4> (r x .0 , A „) = - ( a g,,- a ,) • • • ( 16) 

g 0 = 1 n [I (rX, R, A Q ) ] • • • (17) 
gflnll (r X, R, A x ). ] • • • (18) 
A A, = A» ^ = ^ ^ ^ 

[0 0 4 5] 

t£oT, Mf-^t I (rX, R, A Q ) j&tfl (rl, R, A j) (1 7 

) RTfiZ (1 8) iC^f^AbtgoMg^**, 2?>iC, gQ&tfg^ 
^ (1 6) JCRVTSdilJCfcy, fiffi©5^5S/7Vf (rl, 0, A Q ) # 
£ ti§ 0 

[0 0 4 6] 

1 1 Kfc^T:fc&e>*lfcfltfB©9:79S/7:/ f (rl, 0, A n ) = V 2 tf» (rl 
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, 0, x Q ) lZftLT&57 ; 7i/T>m£.Zft$Z£\Z&*). &ffi4> (r±, 0 
r_L, 0, X Q ) (D7-Vx.mm*. #C5£ (19) (D&?lzm2tlZ>o 

mi 5] 

F[f(n.,0,A o )] = F[V 2 <f>(rx,0.A„)] = -^(uNVtftffcx.O. A„)j •••(19) 



lit', F [ ] tt7-'JxI|$:iU u, vttx, y(CMt§5fl 

[0 0 4 7] 

dticfcu, &*b<*> (r±, o, a 0 ) (20) © £oKmznz> a 

[ftl 6] 

■* (ri.O, An) = F 1 [- F[f(n. ,0, A ,»)] J • • • (20) 

r^T% F" 1 [ ] ttl7-'jx^i?:gt 0 
[0 0 4 8] 

^©3; (20) Zfflm-t2>z\mz& y, M^^$/y>^lff£*7e>r£#-e£ 

3 = BP*n f (r±, 0, A Q ) &7-'JxIiU {-4x 2 (u 2 +v 2 ) } -1 

±, o, x Q ) *«#e>tis 0 

[0 0 4 9] 

rrx% i u i &t>* 1 v i tfffifeomuT tftzmmftr* {-a* 2 (u 2 + v 

2 ) } ~ 1 £^#>3¥tfSLT;££, ^ (2 0) iZm-tWLMZfiomiZZtiZmmbT 
fc&V^ EP*>, mjtO'fitc o n s t £Sg5£-T££, |u|, |v|^const 
COSMIC tt, j£ (2 0) KfcV^&sSaHB&M^So 

{-4 7T 2 (u 2 +v 2 ) } _1 = (^fc^fflStlfeffi) 
£ fc, | u | , |v|>const ©Ig-^lCtt, S (20) &C£^T, ^^©ffi 



1 9 
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{-4 it 2 (u 2 + v 2 ) } _1 =0 
[0 0 5 0] 

#ClC, XtV7S 1 3^CfeV^T, Brtt&JIglS 2 4 ft, 4> ( r ±, 0, X Q 

H*jc»w«ffi«* (ri, o, a 0 ) wmzm-tT-&K$zm-?z>£Pkiz 

[0 0 5 1 ] 
[0 0 5 2] 

*fc, *H^^{C33V%Tli, M¥ft&fg&^5l£tCXi&i£MVATV>5#, % 
^#&jaiaUTIS#f«S:^ , rsri:^T?S, 1 6keVg{±3 OkeVM 

TV^£ «fc^lC, 3 otf)X$§£fflV^&*B£«7GbT : fej.a^o 

[0 0 5 3] 

*^c3!fS^^J ^ ^S^BJ'ffi©«v^x^$:|g^•t^rh^•r'^§o iosi«tsx 
h#f^;ni;-Mi (festa) tfwmi>t~mm\*. itny^vymi 
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[0 0 5 4] 

z&mbttifibmm't&o mi izm-tmrnmrnmrnmit. mmmz&TfWkVB 

[0 0 5 5] 
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